Introduction
The diverse biological activities of natural and synthetic coumarins as coagulants [1] and antithrombotics [2] are well known. Some of the coumarins are reported as anti HIV agents [3] and antioxidants [4] . Many coumarin derivatives are known as free radical scavengers [5] . Recent work demonstrated that novobiocin was observed to be a DNA-gyrase inhibitor [6] that binds to the C-terminal nucleotide binding region of heat shock protein-90 [7] . They have also found to posses vasorelaxant [8] , anti-inflammatory [9] and antitumor [10] activity. The incorporation of a fused heterocyclic moiety in parent coumarin alters its properties and converts it into important derivatives [11, 12] . Large numbers of heterocyclic fused and heterocyclic substituted coumarin derivatives is used as drugs and dyes [13, 14] .
The literature reports a short number of synthetic routes for 2-arylpyrazolo [4,3-c] coumarins (2-arlychromeno [4,3-c] pyrazol-4(2H)-ones), such as cyclization of the 3-hydrazone-4-chloro or 4-hydroxy coumarins, which were relatively unstable and give a mixture of isomeric 1-aryl and 2-arylpyrazolo [4,3-c] coumarins [15, 16] . These compounds were studied for binding studies interaction with the central benzodiazepine receptor [17] .
Considering the activity profile of the 2-arylpyrazolo[4,3-c]coumarins, we decided to synthesis a new series of halo substituted 2-arylpyrazolo [4,3-c] coumarin derivatives. In this account, we describe a new synthetic route for the synthesis of the title compounds from the corresponding 3-(2-hydroxyaryl)-1-phenyl-1H-pyrazole-4-carbaldehydes (3) and 3-(2-(allyloxyaryl)-1-phenyl-1H-pyrazole-4-carbaldehydes (4) by using iodine in dimethylsulfoxide. The use of iodine for synthetic purpose has gained significant importance. The negligible toxicity associated with iodine, in conjunction with ease of handling, readily availability, low cost and mild reaction conditions employed has resulted in its application in an increasing number of diverse transformations [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] . In continuation of our research programme using I2/DMSO as an efficient catalytic system for oxidation of pyrazoline to pyrazole [29] , deallylation and preparation of flavones from 2'-allyloxychalcones [30] and oxidation of dihydroflavone [31] , here, we wish to report some new halo substituted 2-arylpyrazolo [4,3-c] coumarins under mild condition. To the best of our knowledge, there are no earlier reports for I2/DMSO as an efficient catalytic system for the synthesis of 2-arylpyrazolo [4,3-c] coumarins.
Experimental

Instrumentation
1 H NMR (300 MHz) and 13 C NMR (75 MHz) spectra were recorded on a Varian VXR 300 instrument at 293 K in DMSO-d6. Chemical shift values were recorded in δ units (ppm) relative to Me4Si as internal standard. Melting points were determined by using a Buchi melting point apparatus. Infrared spectra (IR) were recorded using KBr pellets on a Perkin-Elmer 240C analyzer. Mass spectra were recorded in an AE-IMS-30 spectrometer. Thin layer chromatography (TLC) was performed on silica gel 60 PF254 plates or aluminium oxide plates from Merck. Elemental analyses were performed on a Thermo Flash EA 1112 analyzer.
Synthesis
General procedure for the preparation of substituted acetophenones (1a-g)
Parent
5-chloro-2-hydroxyacetophenone, 5-bromo-2-hydroxyacetophenone, 3-chloro-2-hydroxyacetophenone, 3,5-dichloro-2-hydroxyacetophenone, and 5-methyl-2-hydroxyacetophenone were synthesized from p-chloro, p-bromo, ochloro, 2,4-dichloro and p-cresol phenols respectively, by Friesrearrangement using acetyl chloride and AlCl3 [32] . 3,5-dibromo-2-hydroxyacetophenone and 3-bromo-5-methyl-2-hydroxyacetophenone were also synthesized by the bromination (bromine in acetic acid) method [32] .
General procedure for the preparation of phenyl hydrazones (2a-g)
To a solution of the appropriate 2-hydroxyacetophenone derivatives (24 mmol) in 40 mL methanol, phenyl hydrazine (24 mmol) was added and refluxed for two hours. After cooling the reaction mixture the phenyl hydrazone derivatives was crystallized and filtered, the yield was 91-94 %. 
General procedure for the preparation of 3-aryl-1-phenyl-1H-pyrazole-4-carbaldehyde (3a-g)
The derivatives of 2-hydroxyacetophenone phenyl hydrazone (0.01 mol) was dissolved in DMF (15 mL) and then POCl3 (0.03 mol) was added drop wise at 0 o C. After a complete addition of POCl3, the reaction mixture warmed at room temperature and heated at 60-70 o C for 2.5-3 h.The reaction was poured onto crushed ice and then neutralized with 10% aqueous NaOH solution. The precipitate was filtered, strongly washed with water and crystallized from ethanol.
3-(5-chloro-2-hydroxyphenyl)- 
General procedure for the preparation of 3-(2-(allyloxy aryl)-1-phenyl-1H-pyrazole-4-carbaldehyde (4a-g)
To a solution of 3-aryl-4-formylpyrazole (3.5 mmol) in DMSO (10 mL), K2CO3 (8 mmol) and ally bromide (3.55 mmol) was added. The reaction mixture was stirred at room temperature for 4h. Then the reaction mixture was poured onto crushed ice. The precipitation was filtered and crystallized by methanol. 112.0, 115.4, 118.4, 120.2, 122.3, 126.4, 128.9,  130.0, 132.8, 135.7, 136.5, 137.1, 143.1, 149.7, 150.1, 184.3 
3-(2-(allyloxy)-5-chlorophenyl)-1-phenyl-1H-pyrazole-4-carbaldehyde
3-(2-(allyloxy)-5,3-dibromophenyl)-1-phenyl-1H-pyrazole-4-carbaldehyde
General procedure for the preparation of substituted of 2-arylpyrazolo[4,3-c]coumarin derivatives (5a-g)
To a solution of 3-(2-hydroxyaryl)-1-phenyl-1H-pyrazole-4-carbaldehydes (3a-g) (1 mmol) or 3-(2-(allyloxyaryl)-1-phenyl-1H-pyrazole-4-carbaldehydes (4a-g) (1 mmol) in DMSO (10 mL), iodine (10 mol%) and 4-5 drops of concentrated H2SO4 was added. Then reaction mixture was heated at 120 o C. After the completion of the reaction (checked by TLC), the contents were cooled to room temperature and poured into icecooled water. The separated solid was filtered and washed with cooled dilute sodium thiosulphate solution. Finally the obtained product was crystallized from DMF to give product 5a-g. 
8-chloro-2-phenylchromeno[4,3-c]pyrazol-4(2H)-one
Results and discussion
The overall synthetic route utilized for the preparation of the target pyrazolocoumarin is depicted in Scheme 1 and Scheme 2. Our approach to the synthesis of the target molecule, started from the condensation of halo substituted ohydroxyacetophenones, 1a-g, with phenyl hydrazine to efficiently provide the hydrazones, 2a-g. These derivatives were purified and transformed into the corresponding 3-(2-hydroxyaryl)-1-phenyl-1H-pyrazole-4-carbaldehydes, 3a-g, by using the Vilsmeier reagent (according to method of Rathelot et. al. [34] ). The 3-(2-(allyloxyaryl)-1-phenyl-1H-pyrazole-4-carbaldehydes, 4a-g, were readily prepared from 3a-g using the ally bromide in DMSO (Scheme 1). These key intermediate According to our research in deallylation of 2'-allyloxychalcones [30] , we attempted to apply this reagent for 3-(2-(allyloxyaryl)-1-phenyl-1H-pyrazole-4-carbaldehydes, 4a-g. In this case also 4a-g interestingly easily under went to deallylation as well as cyclization, and gave the corresponding pyrazolocoumarin (Scheme 3). On the other hand the excess in mol% of iodine (1.2 equiv.) on the mono substituted compounds of 3a-g & 4a-g leads to iodination at the phenol ring (Entry 6a, 6b and 6c, Table 2 , Scheme 3). If the para position in the phenol moiety is blocked the iodination takes place at the ortho position (Entry 6a, 6b, Table 2 ), while if the ortho position is blocked the iodination takes place at the para position (Entry 6c, Table 2 ). The structure of the synthesized compounds was confirmed on the basis of spectroscopic methods. Lower amount of iodine (30%, 50%) gave the mixture of iodosubstituted and unsubstituted products. While in other prazoles were already substituted at both positions in the phenol moiety hence no iodination observed.
Conclusion
In summary, we have developed a simple and convenient method for the synthesis of 2-arylpyrazolo [4,3-c] coumarins using I2/DMSO as an efficient catalytic system. The present methodology is clean; eliminates the toxic metal oxidant, shorter reaction times, high yields, easy of workup and more applicable for the medicinal as well as pharmaceutical chemist.
